Preterm birth accounts for 12% of all births in the United States. 1 Overall, 53% of neonatal deaths occur in births at less than 32 weeks gestation and 68% occur in neonates who weigh less than 2,500 g at birth.
2 With an increasing trend for fetal resuscitation at lower birth weights and earlier (often periviable) gestational ages, there is the potential for higher infant and lifelong morbidity and mortality. [3] [4] [5] [6] As a result, any effort to reduce the risk of neonatal morbidity and mortality in the most vulnerable of preterm neonates will have an expanded benefit. It has been suggested by others that low-birth-weight and periviable neonates may lack the reserve necessary to tolerate stress incurred during labor and during the course of a vaginal delivery. [7] [8] [9] [10] [11] [12] [13] [14] While definitive objective evidence for this is lacking, epidemiological studies suggest that cesarean delivery (CD) rate among preterm, low-birth-weight infants continues to rise. [15] [16] [17] This is notable in light of nationwide efforts to decrease the overall CD rate, which currently is estimated at 31%; frequently CD performed at the threshold of viability or among very low-birth-weight (VLBW) infants is low vertical or classical hysterotomy incisions and thus obligates the gravidae to subsequent CD thereafter.
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Despite these trends toward higher CD rates among lowbirth-weight and preterm infants, no consensus has been reached regarding the optimal mode of delivery among those of low birth weight. [7] [8] [9] [10] [11] [12] [21] [22] [23] [24] Ideally, one would maximize neonatal benefit while minimizing the maternal morbidity. The significant maternal surgical morbidity sustained with a periviable CD (i.e., classical uterine incision) is not limited to increased blood loss and iatrogenic injury. Importantly, subsequent pregnancies are at an increased risk for uterine rupture, placental abruption, and placenta accreta.
not yielded definitive answers. High-grade evidence guiding recommendations for optimal mode of delivery in the preterm infant is limited. A total of six trials have attempted randomization of the mode of delivery but, in total, were only able to recruit 122 subjects. A meta-analysis of four of these trials (116 subjects) did not demonstrate a significant difference in neonatal outcomes and concluded that due to the paucity of subjects recruited, the data are insufficient to draw evidence-based conclusions. All of these trials had significant recruitment problems and, therefore, closed before completion. 25 Several observational studies have also been conducted with varying outcomes, most of which were limited by lack of large, population-based cohorts from which to draw their conclusions. [7] [8] [9] [10] [11] [12] [13] [21] [22] [23] [24] 26, 27 As a result, the current study aimed to investigate the role of delivery mode, alongside potential confounders, on neonatal outcomes of low-birth-weight neonates in a large, population-based cohort. We hypothesized that mode of delivery would not improve neonatal outcomes in lowbirth-weight babies.
Materials and Methods

Study Protocol
In this retrospective cohort study, subject data were obtained following full and informed written subject consent on the PeriBank protocol (institution review board [IRB] H-26364). Additional IRB approval for the current research was obtained under IRB H-33382. Based in Houston, TX, PeriBank is a comprehensive, institutional database and biobank focusing on detailed clinical data and accompanying specimens collected at delivery. Recruitment, specimen processing, storage, and retrieval systems were developed by a multidisciplinary consortium of obstetrician-gynecologists and maternal-fetal medicine specialists, pathologists, nurses, and laboratory staff. All research studies are approved and monitored by a multidisciplinary governance board and the IRB. Subjects were approached on labor and delivery by trained PeriBank research coordinators. At the time of study completion, PeriBank records indicated that 83.5% of all women were approached for enrollment and 95.1% of those were successfully enrolled. As part of the consent process, we discussed with participants the potential risks of participation, including the physical risks associated with specimen collection, and the possibility that protected health information or deidentified project data stored in a public repository could be accidentally released. The protocol and consent form described precautions taken to reduce these risks. Using our PeriBank database of 6,408 births from a defined interval (August, 2011-February, 2014), we identified all subjects who delivered between 23 weeks 0 day and 36 weeks 6 days (n ¼ 612). We excluded patients who were missing birth weight data (n ¼ 2), who had presented with an intrauterine fetal demise (n ¼ 9), triplet or higher order multiple gestations (n ¼ 2), and those who had lethal or likely fatal fetal anomalies (n ¼ 6). We also excluded any subjects that demised immediately postdelivery as we could not effectively assess neonatal outcomes (n ¼ 1). Finally, we excluded a patient who with monochorionic diamniotic twins who had an interval delivery of twin A at 15 weeks but continued to carry the pregnancy with the remaining twin (n ¼ 1). We deliberately did not exclude twin gestations or breech neonates that were delivered vaginally to attempt to replicate the spectrum and clinical scenarios frequently encountered among deliveries encompassing infants of lower birth weight. This ultimately narrowed our cohort to 591 subjects. We then stratified our cohort by birth weight, dividing our population into the following six groups: < 750, 750 to 999, 1,000 to 1,499, 1,500 to 1,999, 2,000 to 2,499, and 2,500 g, and later stratified these groups by mode of delivery and neonatal outcomes.
Neonatal outcomes were queried both by individual outcomes and by a composite neonatal outcome score. The neonatal outcome measures included in our composite neonatal outcome were retinopathy of prematurity, necrotizing enterocolitis, neonatal death, respiratory distress syndrome (RDS), and grade III or IV intraventricular hemorrhage.
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These findings were abstracted from the participants' medical record. Therefore, the presence or absence of the individual diagnoses used in the composite score was determined according to treating practitioner and not retroactively by study personnel. If the subject was noted to have any of the outcomes in the composite outcome score they were deemed to have the composite outcome. Additionally, the findings were stratified by maternal antenatal steroid exposure.
Statistical Analysis
Chi-square analysis and Fisher exact test were used to determine significance between stratified groups. Logistic regression was used to calculate adjusted odds ratios (aORs) of adverse neonatal outcome with each mode of delivery after controlling for parity, gestational age, ethnicity, fetal presentation, and multiple gestations. Additionally, to impute for time (i.e., gestational age achieved) a Cox proportional hazard model was used to calculate hazard ratios with a log-rank test used to quantify p values. A p value of less than 0.05 was considered to be statistically significant.
Results
Subject Demographics ►Table 1 provides complete demographic information on all enrolled study participants (n ¼ 591). The average age of enrolled subjects was 29.4 years of age, and 74% of participants were multiparous and Hispanic (81%). Multiples comprised 7.8% (n ¼ 46) of our cohort. Additionally, while it should be noted that the overwhelming majority of our study subjects were in cephalic presentation, 11% (n ¼ 65) were breech; 15.4% (10/65) of these breech babies were delivered vaginally. Significant differences in gestational age, race, fetal presentation, and multiple gestations were seen among subjects delivered via CD as compared with vaginal delivery (►Table 1).
Antenatal Corticosteroid Administration
Antenatal corticosteroids were administered to 36.9% of all subjects who delivered between the gestational ages of 23 and 36 weeks gestational age at the time of delivery (n ¼ 218).
However, it should be noted that when our cohort was further stratified by gestational age, 96.2% of the women who delivered between 23 and 27 weeks gestational age and 93.3% of subjects who delivered between 28 and 32 weeks gestational age received antenatal corticosteroids. We defined the administration of antenatal corticosteroids to mean that the participant received at least one dose of steroid injection before delivery. When we stratified our cohort into the previously establish birth weight categories, the overwhelming majority of low-birth-weight neonates received at least one dose of antenatal corticosteroids before delivery (►Fig. 1).
Indications for Delivery
When investigating the mode of delivery and subsequent neonatal outcomes in any population, it is imperative to understand the indication for delivery whether it is maternal or fetal in nature. Understandably, these indications can, themselves, affect neonatal outcomes and prognoses. In our study cohort, delivery indications varied by gestational age. Preterm labor was by far the most common delivery indication in all comers. Preeclampsia and delivery for fetal indications were also commonly noted amongst all groups. When stratified by either gestational age or birth weight, patients with either preterm labor or preterm premature rupture of membranes had a significantly increased likelihood of vaginal delivery. Fetal indications for delivery (such as concerns with fetal heart rate tracings) and/or maternal indications for delivery (such as placental abruption or preeclampsia) more often resulted in CD. As would be anticipated, patients with either a placenta previa or accreta delivered by CD (►Table 2).
Neonatal Outcomes
As anticipated, lower birth weight categories demonstrated significantly increased occurrence of adverse neonatal outcomes. We observed a statistically significant difference in mode of delivery by birth weight in our institution (chisquare < 0.001). At lower birth weights, CD predominates in our institution (59% in 750-999 g cohort, 54% in 1,000-1,499 g cohort, and 53% in 1,500-1,999 g cohort). The exception is the < 750 g cohort in which 57% were delivered vaginally. In the higher birth weight categories, the trend reverses with a higher predominance of low-birth-weight and preterm infants > 2 kg undergoing vaginal delivery (73% in 2,000-2,499 g cohort, 65% in > 2,500 g cohort).
Individually, the neonatal outcomes in question predictably varied by virtue of gestational age (and hence accompanying birth weight). When stratified by birth weight, RDS was significantly more likely with CD in the 1,500 to 1,999 g group (p ¼ 0.003) and approached significance (p ¼ 0.06) in the 1,000 to 1,499 g group (►Table 3). However, no other individual outcome significantly varied by birth weight nor gestational age. When examining our composite neonatal outcome by mode of delivery among all birth weight categories, 31.4% (70/223) of infants who delivered via CD experienced complications when compared with 15.5% (57/368) of infants delivered vaginally (p < 0.001, odds ratio [OR]: 2.496, 95% confidence interval [CI]: 1.67-3.72). Logistic regression was performed to adjust for the effects of gestational age, maternal ethnicity, and parity on neonatal outcomes. The aOR for the adverse neonatal outcome, as determined by our neonatal composite score, was 2.122 with CD (95% CI: 1.28-3.51). However, this significant difference in risk did not persist when the data were modeled with Cox proportional hazard ratios (HR: 0.85, 95% CI: 0.6-1.21; log-rank test p ¼ 0.37; ►Fig. 2). While the trend was toward a protective effect of vaginal delivery, there was no statistically significant difference noted when substratified by birth weight.
Additionally, we looked at neonatal outcomes among women who had a vaginal birth after cesarean delivery (VBAC). Overall, 51 women in our study population had a successful VBAC. When stratified by birth weight, no association of VBAC with adverse neonatal outcome was noted in any group except for those in the 2,000 to 2,499 g range. In this population, there was a significant association with VBAC and the adverse outcomes included in our neonatal composite outcome (p ¼ 0.003). Of the 128 spontaneous vaginal deliveries in this birth weight category, 15 experienced adverse neonatal outcomes. Out of the 11 VBACs, 5in this birth weight group had adverse outcomes (45%). Only 10 out of the remaining 117 normal vaginal deliveries (8.5%) had adverse neonatal outcomes.
Finally, given that the majority of neonatal adverse outcomes were associated with RDS, we examined neonatal outcomes in the context of antenatal steroid exposure versus no steroid exposure. When comparing the impact of mode of delivery on neonatal outcomes in this context no differences were seen (p ¼ 0.05; ►Table 4).
Discussion
In light of increased capacity and employment of neonatal resuscitation at lower gestational ages and birth weights, the CD rate has continued to increase in this cohort despite a lack of clear evidence of improved neonatal outcomes. 14, 27, 29, 30 In examining the trend of obstetrical intervention with an increasing preterm birth rate between 1991 and 2006, MacDorman et al showed a 47% increase in CDs among preterm births during that time frame. The likelihood of CD was inversely proportional to gestational age; 46% of the very preterm infants were born via CD compared with 34.3% of late preterm births. 29 Delnord et al investigated CD trends on an international level and found exceedingly high rates amongst very preterm births. 31 There are many potential underlying indications for CD in this cohort, such as malpresentation, demonstrated fetal intolerance to labor, maternal indication for immediate delivery, and higher order multiples. However, since it has been suggested by others that there may exist inherent advantage to avoidance of labor in infants of lower birth weight, the increased CD rate may also be a result of perceived benefit relative to risk.
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Our study found no improvement in neonatal outcome with CD when subjects were stratified by mode of delivery, Abbreviations: CD, cesarean delivery; PPROM, preterm premature rupture of membranes; PTL, preterm labor; SVD, spontaneous vaginal delivery.
Note: PTL and PPROM were noted to be the most common indications for preterm delivery. Some patients had more than one indication for delivery (i.e., severe preeclampsia and placental abruption) and in those cases, all indications were included in calculations. Not noted in this table were deliveries for renal disease (n Mode of Delivery in Premature Neonates Racusin et al. e255
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both in the presence or absence of antenatal corticosteroid administration. In fact, in the 1,500 to 1,999 g subgroup, there appears to be an increased risk of neonatal morbidity due to the occurrence of neonatal respiratory distress. Among all birth weight categories combined, 31.4% (70/223) of infants delivered via CD experienced complications when compared with 15.5% (57/368) of infants delivered vaginally (p < 0.001, OR: 2.5, 95% CI: 1.67-3.72). This relationship held true even after adjusting for possible confounders between groups with an aOR 2.12 (95% CI: 1.28-3.51). This finding refutes any believed or perceived benefit of CD in low-birthweight neonates. By attempting to spare low-birth-weight infants from the "stress" of a vaginal delivery, practitioners may, in fact, be subjecting both mother and infant to risk without demonstration of benefit. Interestingly, we did see a positive association between adverse neonatal outcomes and VBACs in one birth weight category. Further studies are necessary to further investigate this finding.
There are several strengths of our study. First, by virtue of a population-based cohort design, it is representative of clinical practice in a large academic center and public care setting and inclusive of varying fetal presentation, singleton and multiple gestations, and precipitous deliveries with failed tocolysis. Second, in addition to gestational age, we were able to stratify our population by birth weight and antenatal steroid exposure. As neonatal resuscitation continues to improve and we continue to amass data on neonatal outcomes in the context of prematurity, we have learned that steroid exposure and birth weight are key determinants, without which our prognostic abilities are severely limited. Third, we were also able to replicate a typical clinical population by including breech deliveries and twin gestations. Finally, by utilizing a comprehensive institutional database from a large volume academic center, we were able to capture considerable and contemporary information. This ensures that our data are reflective of current practice patterns and not confounded with changes in medical standard of care over time (notably neonatal care), as might be the case in other longitudinal or multiinstitutional studies.
Our study is not without limitations. The retrospective nature of our study is similarly a limitation. Due to its retrospective design, we were unable to sort subjects by "intent to treat." Therefore, participants were analyzed by their ultimate mode of delivery rather than by the intended mode of delivery. While some might be concerned about the potential bias that such classification might impart, it is prudent to note that no significant differences in rates of RDS were noted by fetal indication for CD. Additionally, despite a robust clinical cohort in an at-risk population, only a small number of neonates had adverse outcomes. This is, however, reflective of the clinical reality in our institution and many other level III and level IV neonatal intensive care units. Finally, our model treated twins as independent beings and was unable to account for the interplay between the individuals on fetal outcomes. However, multiples constitute a minority of our sample size (7.8% of the total population) and were included to ensure a comprehensive cohort. Abbreviations: CD, cesarean delivery; NEC, necrotizing enterocolitis; RDS, respiratory distress syndrome; ROP, retinopathy of prematurity; SVD, spontaneous vaginal delivery.
Note: RDS was significantly more likely with CD in the 1,500-1,999 g group (p ¼ 0.003) and contributed to the significant difference in overall composite neonatal outcome with a higher rate among infants delivered via CD. Although grade III intraventricular hemorrhage was included in our composite neonatal outcome, it is not shown in this Finally, it is important to note that given the nature of our patient population, our study cohort is largely Hispanic. While this may make our study generalizable to many parts of the United States, caution should be taken before applying these statistics to all women. We did, of note, compute a post hoc power calculation. To achieve 80% power with an α of 0.05, we would have needed 111 participants in each mode of the delivery cohort. Indeed, our study population allowed us to achieve 98% power.
In addition, we could not, encode for all potential indications for the mode of delivery and conceivable confounders and thus cannot assume that a cesareandelivered infant would have had the same low-morbid outcome had they delivered vaginally. However, by interrogating all-comers in a population-based cohort, we can state that there is no realized inherent benefit to CD, potential harm may exist with this route of delivery in certain low-birth-weight babies, and we would thus support a policy of reserving CD for indications beyond gestational age or VLBW.
In sum, we acknowledge that premature, low-birthweight deliveries present a uniquely challenging clinical situation. In trying to optimize neonatal outcomes by erring Note: The significance is approached in the 1,500-1,999 g cohort and this difference in outcome is driven by the increased rate of respiratory distress syndrome noted in the neonates delivered by cesarean delivery within that birth weight category (►Table 3).
